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Abstract 


Day length is a principal factor controlling the feeding activity and the follicular 
development of the females of Culex tritaeniorhynchus, Under a longer photoperiod than about 
13 : 30 hours the females hold gonoactivity, while under a shorter one there were found 
various effects on their physiological activity. These are the decrease in the feeding 
rate: the retardation in the follicular development ; the occurrence of gonotrophic dissocia- 
tion; and the failure in maturing follicles. A great number of unfed nulliparous females. 
which emerged as adults in and after September, and some of nullizarous or parous females. 
which underwent gonotrophic dissociation after feeding in those days were confirmed to 


enter hibernation. 


Introduction 


Ecological studies of Culex tritaeniorhynchus, a 
most important vector of Japanese encepn- 
alitis, were started in 1965 in the Nagasaki 
area, in relation to the epidemiology of the 
disease in the Department of Medical Zool- 
ogy , Nagasaki University School of Medicine 
1965 ; Wada et al. , 1907). 


experiments 


COmori et al., 
The 
showed that 
preal number of over-wintered females e 


results of preliminary 


in spring there appeared a 


attracted to dry ice, although the temperature. 


is very low, and that the number of females. 
decreased very suddenly in September when. 


the temperature was still high enough for the 


mosquito to breed. These facts suggested 
that the day length must be the principal 
factor to contro! the gonoactivity of the 
females of this mosquito. 

Oda (1968) showed that the gonoactivity 


oi C. SC E females is well reflected 
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by the state of follicular development. The 
same was also roughly demonstrated with 
C. tritaeniorhynchus- by preliminary experiments. 
On the 


diapause in many insects including mosqui- 


other hand , the induction of 
toes is closely related to the photoperiod and 
temperature (Beck, 1968 ; Danilevskii, 1961). 
Studies on the follicular development and 
feeding activity of C. tritaeniorhynchus were 
therefore carried out under various artificial 


and natural conditions of photoperiods and 


temperatures from 1965 to 1968. Based on 
the results obtained, the mode of entering 
hibernation in the Nagasaki area was 
considered. 

The author wishes to express his sincere 
appreciation to Professor N. Omori and As- 
sistant Professor Y. Wada of the Department 
of Medical Zoology, Nagasaki University 
School of Medicine for many helpful sugges- 
tions during the course of this work and for 
aid in the preparation of the manuscript. 


Experimental place, material and method 


Place: Experiments were carried out at 
Nagasaki during from 1965 to 1968. 

Material: The material used in the experi- 
ments was Culex tritaeniorhynchus Giles, 1901, 
the most important vector mosquito of Japan- 
ese encephalitis virus in Japan. 

Biological day length: The biological day 
Jength CAstronomical day 1ensth in hours plus 
morning and evening twilight hours) is con- 
sidered effective for the biological activities 
of the females of Culex tritaeniorhynchus, The 
morning or evening twilight is defined as the 
time required for the upper limb of the sun 
to traverse an arc between the horizon and 
a point lying 7° 21’ 40’’ below the horizon. 
Each twilight period in Tokyo varies with 
the season from 32’ in late September to 38.5’ 
in late June (Rika-nenpyo, 1968 issued from 
the Tokyo Astronomical Observatory). The 
biological day length in Nagasaki is obtained 
by adding twilight hours presented by T.A.O. 
in Tokyo to the astronomical day length in 
Nagasaki as shown in Table 12. 

Maintenance of laboratory colony of Culex 

tritaeniorhynchus: The laboratory colony 
was originated from a group of fed females 
collected at animal sheds in the Nagasaki 
area in April, 1965. It has been successfully 


maintained under the rearing conditions of a 
daily photoperiod (biological day length) of 
14 to 15.5 hours and a constant temperature 
at 27°C and relative humidity of about 60 to 
85%. In the rearing room in which the 
colony was maintained, the natural light coming 
through the frosted glass windows was utilized, 
while, when the biclogical day length became 
shorter than 14 hours in September through 
early April, electric lamps were lighted to 
make up the shortage far before dawn by 
raising the illumination from darkness to 
about 600 Lux. 

Copulation took place rather easily mainly 
in the evening twilight hours when several 
hundreds to thousands of females and males 
cohabited from just after emergence in a large 
cage of 80 cm in diameter and 170 cm in length. 
The fertilization rate reached about 60% in 
three days and about 90 % in seven days. 
The adults were reared with 1% sugar 
solution. The feeding of females was allowed 
mostly on a chicken, rarely on a mouse or a 
man in a cage of 30x 30 x30 cm. The larvae 
were reared with the equally mixed powder 
of Ebios Cbrewer's yeast) and mouse pellets. 

Rearing conditions and equipments: Indoor in- 


sectary, biotron, and outdoor insectary under 
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various rearing conditions were used for 
obtaining materials to examine the follicular 
development and feeding activity of the 
females. 

(1) Rearing conditions in the indoor insec- 
taries were as presented in Table 7. The 
mosquitoes reared were from the laboratory 
colony. The daily photoperiod (biological day 
length) was repeated with a constant length 
of light and dark periods. Relative humidity 
varied from DU to 80 %. 

(2) Rearing conditions in the biotron were 
as follows. The illumination, temperature and 
humidity were automatically regulated to 
change with each daily cycle and change 
gradually by 5 days following the changes in 
the natural astronomical conditions encounter- 
ed in early August through the end of Sep- 
tember as given in Table 12 and partly in 
Tabie 10. 

Practically, because of the difficulty in 
changing the conditions every hour and every 
day, they were made to change in the follow- 
ing way. A temperature cam was formed by 
connecting eight points for the mean temper- 
atures at eight time-points of a day for 
a successive-5-days of a certain month of the 
five years from 1963 to 1967. 

The cam was worked for five days and then 
substituted by the next one which was made 
in the same way for the next successive-5- 
days. 

The relative humidity was also controlled 


so as to repeat the natural daily cycle for a 
successive-5-days, by the same method as in 
the case of controlling the temperature. The 
relative humidity varied with the daily cycle 
nearly conversely with the temperature 
according to the time-point of a day, ranging 
from 62 to 90%, usually from 65 to 85%, dur- 
ing August to early September, but it became 
a little lower thereafter towards the end of. 
September. 

The illumination program was made to 
change with the daily cycle and to change 
gradually each 5 days in the same way as in 
the case of the change in temperature. The 
daily cycle was made as follows: 

Ci) About thirty minutes during which il- 
lumination was raised gradually from darkness. 
to a plateau or a maximum illumination of 
2000 Lux Ceguivalent to a morning twilight 
length) ; (ii) a period during which a plateau 
illumination of 2000 Lux was kept continuous. 
(equivalent to the astronomical day length. 
in a successive-5-days) ; (iii) about thirty 
minutes during which illumination was. 
dropped gradually from the plateau to 
darknessCequivalent to evening twilight hours).. 

(3) The rearing conditions in the outdoor 
insectary were all subiected to the natural. 
astronomical conditions which were given in 
Table 12. 

Length of follicles: The follicles were mea- 
sured on a micrometer scale, a unit of which. 


was 10.5%. 


Results of experiments 


I. Development of follicles before and after feeding and ovariole changes following oviposition. 


in the female mosquito under the conditions of 14 hours photoperiod and 27°C 


The females were reared as adults from 
the first instar larvae and continuously there- 
after under the conditions of daily rhythms 
of 14 hours of light with about 800 Lux and 


10 hours of darkness, and a constant temper-- 
ature at 27°C. The rearing conditions were 
near to those in late August in Nagasaki, be- 


cause the biological day length on those. 


148 Senji KAWAI 


Table 1. 


Description of developmental stages of follicles in gonoactive females of Culex 


triaentorhynchus. (The changes in length and stage of follicles with the lapse of time are 


shown in Table 2. ) 


ee 


Stage Before Taking Blood 
Nol The follicle of just emerged females is included within the germarium (it is called as the 
first follicle in this paper) and is nearly of the same length as the second follicle when the 


first one just reaches N stage. 


No2 The first follicle is recognizable from the germarium! (or the second follicle in this paper) 
by the constriction. 

N The first follicle has eight undifferentiated cells and completed an epithelium. 

la Oae oocyte and seven nurse cells are differentiated, but the nucleus of the oocyte is not 
apparently seen. 

Ib The nucleus of the cocyte is clearly visible. 

I-II A few yolk granules appear around the nucleus of the oocyte. 

Ila Yolk granules are deposited sparsely around the nucleus of the oocyte. 


About 3 days after emergence many females preferably take a blood meal when the first 
follicles are N to Ia in stage. The follicles range from N to Ib or rarely to I-II stages on 


the following day and more rarely to 


these conditions unless the females take a blood meal. 


Ila with the lapse of time, remaining, however, in 


Consequently, these stages, usually, 


however, N to Ib ones can be said to be the first quiescent phase of this mosquito. 
The third follicles i. e., the constrictions on the second follicles appear very rarely, slightly, 
and usually during the first follicles being respectively in N, la to Ib, and I-II to Ila stages. 
After Taking Blood 


I-II The same as above. 
Ila The same as above. 


IIb The oocyte occupies 1/4 to 1/2 of the first follicle. Yolk granules are deposited fairly 
densely all over the oocyte and the nucleus becomes hardly visible. 

IIa The oocyte occupies 1/2 to 3/4 of the frist follicle. 

IIIb The oocyte occupies 3/4 to 4/5 of the first follicle. 


IV The oocyte occupies nearly all parts of the first follicle, pushing up the nurse cells up- 
wards, The follicle takes a long and oval shape. 

Va The first follicle gains its maximum size and begins to produce a micropilar apparatus 
and a chorion. 

Vb The first follicles now are full grown eggs with a completed micropilar apparatus and a 
chorion. 


Oviposition seems to occur immediately after ovulation. At the time of oviposition, the 
second follicles are in No2 to Ib but mostly in N to Ib stages and therefore the second 
quiescent phase can be said also to be in N to Ib stages. 


days was 14 : 12 hours and the mean temper- 
ature of late August for the past seven years 
from 1962 to 1968 was 27.3%. 

1. Development of follicles before and after feed- 

ing and after oviposition. 

On the basis of the result of observations 
on the follicular development of the female 
‘mosquito reared under the above mentioned 
conditions, developmental stages of follicles 
are divided and described as shown in 
Table 1. 

Details of the results of examinations for 
the increase in length and advance in stage 
of the follicles before and after feeding on 


mice and after oviposition carried out with 


the females kept under a 14-hour photoperiod 
and 27°C are tabulated in Table 2. 

The first follicles of females just after 
emergence as adults appear to be yet germaria 
themselves but in this paper they are referred 
to as the first follicles which are about 4.0 
in the mean length ranging from 2.6 to 5.4 
on the micrometer scale (one unit is 10.544). 

The variation in length and stage of follicles 
becomes larger with the lapse of time after 
emergence not only within the follicles of a 
female but also within individual females, and 
necessarily the whole follicles of 4 to 15 
females examined at each time after 


emergence were classified according to their 
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stages, and the percentage distribution of 
follicles falling in each stage was obtained, 
while, the mean length of follicles thus classi- 
fied was obtained with only a limited number 
of them falling in each stage. 

Table 2 shows that the first follicles reach 
N to la stages by about 72 hours and N to 
Ib stages by about 96 hours after emergence, 
although a few of them advance to [II or 
even to lla stage in a longer time. The stages 
N to Ib are considered the first quiescent 
phase of follicles in this female mosquito. 
This seems to have an intimate relation to 
the fact that many females preferably take 
the blood meal 3 to 4 days after emergence, 
as showh in Fig. 1. About the time when 
the first follicles are in the first quiescent 
phase, there appear the third follicles or 
the constrictions on the second ones in 
some ovarioles, 

After feeding, the first follicles rapidly gain 
in length and advance in stage. In the course 
of the development they are subjected to a 
great variation in length and stage but by 
the end of three days after feeding, about 
40% of them reach Vb stage and on the next 
day they all become mature eggs and seem to 
be deposited socn. After feeding, the second 
follicles reach No2 to Ib or mostly N to Ib 
and the third ones appear in all ovarioles. 

The states of follicular development Just 
prior to oviposition seem similar to those at 
the time just after oviposition and most of 
the second follicles remain in stages N to Ib 
or in the second quiescent phase unless the 
females take the blood meal the second time. 
‘The third follicles, though in a small number, 
advance 24 hours after oviposition to No2 
“producing the fourth follicles. Many females 
‘preferably take the blood meal about 24 hours 
after oviposition as shown in Table 4. 


The fact that the first quiescent phase is 
nearly the same as the second one in the 
states of follicular development at the time 
of taking blood by many females seems to 
suggest that the period required from feeding 
to maturation of eggs is nearly the same in 
each gonotrophic cycle. 

2. Comparison of feeding and oviposition habits 

between fertilized and unfertilized females. 

A feeding experiment was carried out with 
the females which had been kept with nearly 
the same number of males for seven days 
after emergence. On that day females 
were allowed to feed ona man. Forty-three 
females, 38 engorged and 5 unfed, were 
examined for sperms in the spermathecae 
with the result shown in Table 3 which 
shows that unfertilized females take the 
blood meal as readily as fertilized ones do. 
The prefeeding period, i. e., the period 
from emergence to feeding was roughly ob- 
served with some of the fertilized and un- 
fertilized females in the course of the suc- 
cessive rearing of the laboratory colony of 
this mosquito. As a result, no definite differ- 
ence in the period was observed between 
them. In the periods from feeding to oviposl- 
tion and from oviposition to feedig, there 
seems to exist no difference between them 
as assumed from Table 4. As above, there 
seems to exist no definite difference in feed- 
ing and oviposition habits between the ferti- 
lized and unfertilized females of this mosquito. 
The unfertilized females are nearly the same 
as the fertilized ones in the number of eggs 
and the oviposition rate of fed females. 

3. Prefeeding period. 

A group of females reared as adults at a 
14-hour photoperiod and 27°C were exposed 
to mice at intervals of 12 hours from iust 
after emergence. Sixty-four or 87.7% out of 
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Follicular development of the females before and after feeding and after oviposition, 


showing the mean length (and percentage) of follicles falling in each developmental stage in each 


group of females with the lapse of time. 


SR Stage 1st follicles 
E No, ` es S 
Z 3%] Se No2 | N | la 1b LI | ra mb | Ma 
| olio4.oc1o0.0) [ 
6 1014. 4¢ 83.5)3.0C 16.5) | | 
_ 12 1104.20 65.0)2.9( 35.0) 
o| 18 11014. 1Ç 18.8)2.9C 81.2) 
S| 24 1055.07 10. 5)4. 2Ç 84. O45C 5.5) 
z 36 115 4. 6C 51.894. 6C 48,2) 
?| 48 |15 6.10 37.6)6.4C 62.4) 
2172115 g SC 80.0)7.5C 20. 0) 
E 96 115 px 66. 7)8. 6C 24.6)7.6< 8.1))7.7¢ 0.6) 
T 108115 8.4< 41.9)9.1( 29.538. 2C 28.6) 
120115 7.8. 10,739.00 31.7)8.9C 54.09.20 3.7) 
144 110 7.8C 6. 56. 4¢ 49, 89/7. 9C 38. 598.07 5.2) | 
168 10| 7.4 LTT. 20. 8),7. 8C 70.4)7.3C 8.0)9.6( 0.1) 
| 516 ls.7C 5 098. 1C 6.3)8.4C 48. 398. 5C 20.8) 9. 7019.5) 
避 12 |7 7.3C 4.298.1C 7.0)9.5C 21.0)9.7C 4.410. 6/49. 0)/14. 0C14. 3) 
$ 24/7 8.20 14.610. 5( 4. 9712. 040. 1)115.4(26.0) 
936 | 5 11.8C 1.2) 
PE SE 
2 725 
" 96 5 
2nd follicles 
A No1 No2 | N | la Tb 1-11 | Ila | 
3124 | 5. 4.8C 17.0316. 4C 79.0)6.3C 4.0) 
=| 48 | 5 | 6.2C 5.097. D 43. 0)6.0( 40. 09)8. 8< 12. 09 
2 72 | 6 5 9C 24. 2)6.5(35.8)6.8( 35. 827.50 4.2) 
96 | 5 5.5C 4.5) 6.4C 42. 5)/6. IC 26. 838. 8C 2. 599. 2C 23.7) 
Remarks: (1) The females were reared as adults from the first instar larvae and continuously 


thereafter under the conditions of a 14-hour photoperiod and a constant temperature 


at 27°C. 


(2) Many females preferably took the blood meal on mice from 72 to 96 hours after 
emergence, and about 24 hours after oviposition. (cf. Fig. 1 and Table 4) 


73 females became engorged with blood. The 
time distribution of feeding rates and cumula- 
tive feeding rates of the fed 64 females are 
illustrated in Fig. 1 which shows that some 
females began to feed 54 hours after emergence 
but many females, about 73 % out of the 64 
took the blood meal in 3 days after emergence 
and in 4 days i. e. from 54 to 96 hours after 


emergence about 95 % of the females took the. 
meal. Thus, the prefeeding period in this 
mosquito is about 3 days after emergence.. 
The period is longer by about one day than 
those in Anopheles sinensis (Taketomi, 1967) and 
Culex pipiens pallens (Oda, 1968). The reason. 
may be mainly due to the longer period being 


required for the first follicles to reach the 
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2nd follicles | 3rd f. 
IIb IV | Va | Vb No! No? | N Ia Ib Nol 
| l 
a ol Le . Ge ee 
| 1.6C 16.5) 
| 1.87 35.0) 
| a | 
| 1.8< 81.2) | 
| 2.6< 89.5) | 
| 2.7C100.0)) 
: 3.0C100.0) 
4.1C100.0) 
4. 5(100. 0) 
| EDEN AC 630 1.7C 3.3) 
| 4. 4100. 0) | 
| | 4.5C 81. 053. 5Ç 19,0) |1. 8C 19,0) 
| | 4.70 67.53.30 32.5% 11.60 32.3) 
i | — Se See 
F : | S i : | - ー 
4.7C 30.0)3.4< 70.0) | 2.20 70.0) 
| AAA AO | 1.9C 87.9) 
17.1C14.4) DIIGO I RY 2.0<100.0) 
25.7098. 8) | | 4.1C100.0) | 2. 30100. 0) 
31. 3(10. 09137. 8Ç10. 0)|53. 2(80. 0) | 4. SC 30.034. 9C 70.09) : 2.9100. 0) 
| 52. 1(60. 09/48. 9240. 0) 3.8C 10.0)4.3C 46. 036. 0C 24.0)5.6( 20. 09/3. 7(100. 0) 
: | lte la ae, 
50. 5(100.0) An 4.035. 1¢ 16, 015. OÇ 40. 095. 4C 40. 033. 5C100, 0) 
3rd follicles | 4th f. 
| | Nol No2 | | Nol 
| 4.1C 96.8)2.7( 3.2) | LOC 32) 
| 4.20 78.0)2.4( 22.0) : 20 27.0 
AOS CIA | es 32.5) 
| 4.1C 57.72.61 42.3) 12.1C 42.3) 
| | | 


(3) Examination for stages was made with all follicles of an ovary of each female, 
while measurement of length was made with a limited number of follicles fallimg 


in each stage. 


(4) Nol stage follicle refers to the germarium in this paper Cfor details see Table 1). 
(5) The length of follicles is shown on micrometer scale, one unit of which is 10, Au, 


first quiescent phase in this mosquito. 

A. Periods required for gonotrophic cycles. 

Females reared as adults from the first 
instar larvae and continuously thereafter at a 
14-hour photoperiod and 27°C were allowed 
to feed on a man seven days after emergence. 
The females which took the tirst meal were 
kept individually and observed for oviposition 


at regular intervals. The female which laid 
eggs was given the chance of feeding from 
the nearest observation time till the time 
when she took the second meal. 

The mean periods from feeding to oviposi- 
tion and from oviposition to the next feeding 
could be observed with seven 3-parous females 


and ten 4-parous ones with the results as 
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Feeding pattern of the females with the lapse of time after emergence at a 


14-hour photoperiod and 27°C, The total number of engorged females was 64 out of 
73 ones exposed to mice at intervals of 12 hours. 


Table 3. Feeding activity of fertilized and 
unfertilized females allowed concurrently to 
feed on a man seven days after emergence at 
a 14-hour photoperiod and 27°C. 


Total 
gro engorged unfed 
Fertilized | 18C 47.4%) | 2C 40.0%) 20 
Unfertilized | 20C 52.6%) AC 60.0%) 23 
Total 38(100.0%) | 5(100.0%) | 43 


shown in Table 4 (A). The fact that the 
females given in the table were fertilized 
was proved by the hatching of eggs. 

Table 4 (A) shows that the shortest periods 
from feeding to oviposition are always just 
or a little over 3 days. The fact shows 
that the period required for development of 
follicles from the quiescent phase to matura- 
tion of eggs in the ovary of the female is 
nearly the same in each gonotrophic cycle. 
Nevertheless, the period is subjected to a 
variation by individual females and appears 
to shorten in the mean period with the 


progress in the gonotrophic cycle. This may” 
be due to the shortening in time of ovulating” 
mature eggs. The females which laid eggs. 
take the second blood meal from just after 
oviposition. In general, however, the period 
to feeding after oviposition may be said to- 
be about one day, kecause the female which. 
laid eggs on one night may feed on the next 
night in nature. The mean periods for 
maturation of eggs are between 3 and 4 days, 
and the period to feeding after oviposition is. 
about one day as stated above, and therefore. 
it is assumed that in nature in summer many 
females lay eggs at night 4 days after feed- 
ing and take the second blood meal on the. 
next night. 

For comparison, the similar data obtained 
with unfertilized females are given in Table. 
4 CB) which shows that the periods for gono- 
trophic cycles and to feeding after oviposition. 
are nearly the same in both fertilized and 
unfertilized females. 

5. Ovariole changes following oviposition, 


The shrinking process of the posterior part 
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Table 4. Periods in days: hours from feeding CF.) to oviposition (0. >) and from 
oviposition to feednig in the females at a 14-hour photoperiod and 27°C. The feeding 
was made on a human arm. Observations for oviposition were made at intervals of 2 
hours at daytime and 4-6 hours at night. The female which laid eggs was given 
the chance for feeding from the nearest observation time. 
A: Fertilized females 
Parity |Mean Periods in days : hours required tor feeding- ov iposition- feeding cycles 
and and | 
No. se |rangelist F. to 0.| O. to F. FAGO. | O. to F. ¡3rd F.to0.| O. to F. |4thF. toO. 
3-parous Mean | 4:11 0:20 3:16 1:09 i 3:12 
(799) Range, 3:01-8:04 0:02-3:20 3:00-4:16 | 0:06-3:17 3:02-4:00 
4-parous Mean | 3:17 1:06 4:00 | 0:16 3:06 1:00 3:11 
(1027) [Range 3:01-5:12 0:05-3:14 | 3:02-5:17 | 0:11-2:11 3:00-3:13 0:02-1:22 3:06-4:14 
B : Unfertilized females 
| | E" E We 
2. parous Mean | an | 0:23 an 1 0:20 
(392) Range 3:12-5:08 0:12-1:17 | 3:07 | 


of follicular tubes following oviposition was 
observed with some females reared at a 14- 
hour photoperiod and 27°C. The summary 
result is given in Table 5. 

The states of follicular tubes of parous 
females were examined in nature to estimate 
the time of feeding after oviposition. In a 
farm village, 671 females coming to feed on 
cattle were collected at about 9 p. m. in 
summer, 1965. Of these, 124 females were 
parous. On examination, 23 or 18.5 % of 
the parous ones were found having sac-like 
This suggests that the 


females having such tubes probably oviposited 


and shrinking tubes. 


the latter part of one night and came to feed 


on the following night in less than 20 hours 
after oviposition. The rest of the parow: 
They 


might have taken the blood meal mostly on 


females had completed dilatations. 


the night before or even earlier. 
6. Calendar and physiological ages of gonoactive 
females at a 14-hour photopertod and 27°C. 
Summarizing the data obtained from the 
above experiments, calendar and physiological 
ages of the female mosquito at a 14-hour 
photoperiod and 27°C are compiled as shwon 
in Table 6. 
One of the peculiar features in the develop- 
ment of the follicles of this mosquito is that 


the first follicles of newly emerged females. 


Table 5, Shrinking process of follicular tubes following oviposition in the females. 
sa a EE EE CE ーー 
hours 
after Shrinking process 
oviposition 

10 : Sac-like in all ovarioles of all females examined. 

12 Sac-like in most ovarioles and shrinking in some ones in most females. Dilatation 
appears in a few of those in a few females. 

18 ・ Sac-like in many ovarioles and shrinking in some ones in a few females, Sac-like in 
some ovarioles, shrinking in some ones, and dilatation appears in some ones in most 
females, 

ZO Dilatation appears in most ovarioles and sac-like and shrinking in a few of those in 


some females. 


24: Dilatation is completed in all females. 


Dilatation is completed in all ovarioles in many females. 


Calendar and physiological ages in the females under the condition of a 14-hour photoperiod and 27-C, 


Table 6. 
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: Oviposition 


Feeding, Ovip. 


Feed. : 


Remarks: 


Senji KAWAI o 


are very young and require a long period, 
usually 3 to 4 days, to reach the first quiescent 
phase or N to Ib stages. Another one is 
that the follicles are subjected to a great 
variation in stage and size in the course of 
the development not only within follicles of 
an ovary but also within females. The facts 
must be taken into a special consideration in 
the case of the determination of the calendar 
age of the females of unknown history. 

The females preferably take the blood meal 
about 3 days after emergence and do so about 
one day after oviposition. The developmental 
stages of follicles on the days of the feeding 
are nearly the same; in other words, the first 
and the second quiescent phases are nearly 
the same in stage and size, and consequently 
gonotrophic cycles are usually repeated at 
regular intervals in many females, though the 
period for the cycle appears to be shortened 
little by little in some females probably by 
the shortening in the time of ovulating mature 
eggs. 

The calendar and physiological ages obtain- 
ed experimentally, may generally be used in 
nature in summer. The calendar age of the 
females in nature may be obtainable from an 
equation : 33-n (4+1) days. Where, a 3-day 
is the prefeeding period; n is the number of 
dilatations ` 4-day and 1-day are the periods 
from feeding to oviposition and from ovipo- 
sition to feeding respectively. 
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IJ. Effect of day length and temperature on the development of follicles and the feeding 


activity of the female mosquito 


Dr. Omori, the head of the Department of 
Medical zoology, suggested in 1964 that hiber- 
nation of the female of Culex tritaeniorhynchus is 
probably induced by the shortening of the day 
length in autumn. Experiments were, there- 
fore, carried out to determine the influence 
of the daily photoperiod and the temperature 
upon the development of follicles and the 
feeding activity of the female mosquito. 

The combined conditions of various photo- 
periods, temperatures and relative humidities 
under each of which the females were reared 
to adults from the first instar larvae and 
continuously thereafter are given in Table 7. 

With the females, which had been reared 
under the various rearing conditions, examina- 
tions were carried out for the size in length 


and the stage of follicles and for their feeding 


Table 7. Combined rearing conditions of the 
photoperiod (biological day length), temperature 
and humidity in the indoor insectaries (Experi- 
ment A to D. 


lilumi 1ation Temperature Humidity 
Exp.. i | echt, ee Kee EE 

E Lux | Mean | Constant 92 
A | 10:00 | 2000 , 23.2. 60-80 
B 11:00 | 160. 21.0 60-80 
C q REI | 130- 23.0 70-80 
D | 11:00 | 800 e 70-80 
E | 14:00 | 160 21.0 60-80 
F | 14:00 | am 27.0. 70-80 
G | 13:50 | 2000 28.5 60-80 
H | 16:00 | 160 21.0 + 60-80 
I | 16:00 | 130. Zen 60-80 


Remarks: (1) In A, maximum and minimum 
temperatures in each day were 25.9 
and 21.1°C. In G, those were 31.0 
and 25. 7°C, 
(2) As for the detailed accounts for 
the regulation of rearing conditions in 
the indoor insectaries, see the para- 
graph about the experimental place, 
material, and method. 


rate concurrently or independently on some: 
The results of the. 


examinations are tabulated in Table 8. 


days after emergence. 


The data given in Table 8 are classified. 
into five supergroups by the mode of manifes- 
tation of the influence caused by the different 
combinations of rearing conditions. 

Supergroup 1: The supergroup includes. 
groups A.1.0, B.1.1-2, and B.2.1-4 which were. 
reared under the short photoperiod and low 
temperature. Under the short photoperiod the. 
follicles remain in smaller sizes and younger 
stages than those in the quiescent phase being’ 
3 to 5 in size and No2 to N in stage. The 
females with such small and young follicles. 
entirely reject taking the blood meal showing: 
them to be in the diapause state. 

Supergroup Il: It includes Exps. E, F, G,. 
H, and 1. 


long photoperiods and temperatures of 21 to 


The females were reared under 


28.5°C. Under these long photoperiod con- 
ditions the follicles of the females developed. 
and reached the quiescent phase and the 
females took the blood meal irrespective of the. 
rearing temperatures. The feeding rates were, 
however, rather higher in higher temperatures. 
than in lower ones. 
Supergroup II: It includes groups B. 2.. 
5-6. The females were reared during the. 
period covering the immature stages and 9 
days after emergence under a short photo- 
period and 21°C, but thereafter under a 24-- 
hour photoperiod and the same temperature.. 
The follicles of the females reached the qui- 
escent phase and their feeding rates were. 


rather higher. The result shows that the. 


gonoinactive state of females can be changed. 
to the gonoactive state by the exposure of 


adult females to the long day condition for 
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some days or for 13 days in this experiment. 

Supergroup IV: It includes groups B. 3. 
1-5 and C. 1. 1-2. The females were reared 
under a short photoperiod plus additional il- 
luminations Cfor only adults) and low temper- 
In B. 3.1 additional illumination was 
not added, in B. 3.2 the same was added on 


one day, while in B.3.3 on 2 days and in B. 


atures. 


3. 4-5 on 4 days. The feeding rates were zero 
in the first two groups, only 0.4% in the 
third group, while 17.8 and 25.5 % in the last 
two groups, showing that the feeding activity 
becomes higher little by little with the in- 
crease in light hours. 

Supergroup V: It includes groups D. 1. 1- 
2. The females were reared under a short 
The folli- 


cles remained small in size and young in 


photoperiod and high temperature. 


stage at least in the females examined, but 


Table 9. 


Senji KAWAI 


the females of these groups took the blood”. 
meal, though in only 3.6 and 4.4%. This. 
suggests that high temperatures perhaps 27°C 
and above may have some effect on the. 
feeding activity of the females, details of. 
which will be discussed later. 

The particulars on the development of the . 
first and second follicles of females which ` 
took the blood meal are given in Table 9. 

All the females given in Table 9 are divided | 
into three groups according to the maturation 
of the first follicles: て 1) the females had a. 
considerable or the usual number of mature. 
eggs, (2) the females had a few or a small. 
number of mature eggs, and (3) the females. . 
had no mature eggs. In the first group the 
remaining first follicles were all dezenerated | 
and the second follicles were found well de- 


veloped to reach the quiescent phase. In the 


Development of the first and second follicles in the 


females fed on a chicken (continued from Table 8). 


l VC with af r tur 
Exp., D | 22 with mature eggs 一 e = z Se Se = pa sde C885 
Batch, | Condition: | No, of No, on | Cist follicles>* (Ist follicles) 
and |Photoperiod! co | dis- ae 
Group Chrs:min), fed sected | No. of ¡ Mean No. No. of | Eggs | Stages of (2nd follicles) 
number temperature oo | (range) of | * oo | per | remaining 
ÉS | eggs/ovary 7? lovary| follicles 
JE 3.3 | 11:00, 21°C 1 1 0 | 1 | 0 Ib~IIb | No 2 
KAn additional 3-hour-illumination was given for ` | 
| the females each on different two days before the i 
feeding) | 
12 5 |degenerated | N 
; 19 15 |degenerated | N, Ia 
B.3.4 . 11:00,21°C | 28 8 3 ca. 80 54,7 g , 
| (The same was given each on four days) | | T SC MA Se oe 1-11. 
| | == Wi e , 
B.3.5  11:00,219C | 28 | 2 | 0 E O | I-IL て ITa Nol, No2 
(The same was given each on four days) | | 
[ | | 522 0 N ¡Nol, No2 
VC 0 3 MI の 1000000 人 | (| Jee o 
e | | | A192) 0 | IbATila | No2 
| | | | 
EE MOONE 5 0 8 6 79<60-90) | 2 Ee aa 
| i | H 
E.2.0 | 14:00,21°C 261 2 2 ca. 90 0 | 
F.1.1 14:00,272C 280 | 14 14 | 95C46-146)| 0 
Eege 62 | 5 5 | 817-113 0 
| [ | | 


* The remaining ones of the first follicles were all degenerated. 
The second follicles reached the quiescent phase being No2 to I-II or mostly N to Ib Stages... 
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second group the remaining first follicles were 
all degenerated and the second ones were in 
the quiescent phase. In the third group, 
the first follicles were mostly in the quiescent 
phase, though greatly varied in development 
with follicles and females. In the extreme 
‘cases, one female in B. 3.3 had advanced folli- 
cles of Ib to IIb stages, two females in B. 3. 
D had those of I-II~JJa, and one in D. 1. 1 
had those ranging from Ib to Illa. However, 
the second follicles remained small in size 
and young in stage in all females of the third 
group. 

The fact that the second follicles develop 
and reach the quiescent phase seems to show 
the maturation of eggs en masse or matu- 
ration of some eggs and the death of the 
Yemainder. On the contrary,the fact that 
the second follicles remain in a small and 
young developmental state seems to show that 
the first follicles after reaching the quiescent 
phase or a little more advanced stages do not 
farther develop by the occurrence of gono- 
‘trophic dissociation. 

From the above observations, it is concluded 


on the unusual development of follicles as 


follows. Additional illuminations added to the 
daily short photoporiod seem to cause the 
follicles of some females to develop to some 
extent inducing the females to take the blood 
meal. After feeding, in some females the first 
follicles develop to mature eggs en masse and 
in some others only a small number of them 
complete the maturation. In these cases the 
remaining first follicles degenerate and the 
second follicles advance to the quiescent phase 
suggesting the possibility in such females of 
taking the next blood meal. On the contrary, 
in some fed females, the first follicles remain 
in the quiescent phase and the second ones 
in a small and young developmental state, 
showing that the females entered into the 
state of diapause by the occurrence of gono- 
trophic dissociation. High temperature con- 
ditions above 27°C combined with short day 
length seem to cause similar abnormality in 
follicular development in a few females. 
These unusual developments of follicles must 
take place in nature in autumn when the day 
length and temperature are getting shorter 
and lower. 


III. Comparison of follicular development and feeding activity of the females reared to 
adults from larvae in the biotron or in the outdoor insectary, and those collected 


as adults in nature 


l. Follicular development and feeding activity of 


the females reared to adults in the biotron 
under the rearing conditions modeled after 

those in nature in August to September. 
Detailed accounts for regulating temper- 
ature, humidity and day length in the biotron 
were described in the paragraph about the 
experimental place, material and method. 
Under the conditions (Table 10) in the 
biotron modeled after those (Table 12) in 
nature in early August to late September, the 


‘first instar larvae originated from the labora- 


tory colony were reared to adults. With the 
females reared as above, the follicular de- 
velopment and feeding activity on chickens 
were examined with the results shown in 
Table 11. The females which emerged from 
early August to mid-September had the folli- 
cles nearly similar in size and stage to those 
of the females reared under a 14-hour photo- 
period and a constant temperature of 27°C 
(Table 2). The feeding rates were also nearly 
the same. The results show that the females 


are gonoactive if they emerge as adults before 
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Table 10. Changes in the rearing conditions by 5 days in the biotron produced 
after the natural ones :encountered in August to September at Nagasaki, showing 
the photoperiods (biological day length) and mean temperatures at the time of 
the hatching of larvae (A), the emergence of adults (B), and the dissection of 
females (C). 
Exp. & Month, part (subpart) | Photoperiod (hrs: min) Temperature(*C ) 
Batch i : | E 
No. CA) (B) CC) | CA) (B) (C) CA) (B) CC) 
J-1 | Aug. E72) | Aug.MC1) | Aug. LC1) 14:44 14:35 14:15 28.4 28.4 27.5 
J-2 Aug. MC1) | Aug. L(1) | Aug. L2) 14:35 14:15 14:04 28.4 27.5 2400 
y-3 Aug. MC2) | Aug. L(2) | Sep. E(2) 14:25 14:04 13:43 28.4 EK 26.5 
1-4 Aug. L(2) | Sep.E(1) | Sep.MC1) | 14:04 | 13:54 | 13:33 | 27.5 | 27.2 | 24.5 
J-5 | Sep. EC1) | Sep.MC1) | Sep. L71) | 13:54 | 13:33 | 13:13 | 27.2 | 24.5 | 22.1 
Remarks : (1) As for the method of regulating the photoperiod, temperature and relative humidity, 
see the paragraph about the experimental place, material and method. 
(2) The relative humidity varied with daily cycle nearly conversely with the temperature: 
according to the time of a day, ranging from 62 to 90%, usually from 65 to 852%, 
during August to early September, but it became a little lower thereafter towards the 
end of September. 
(3) E, M, and L mean the early, middle, and late parts of a month, which are divided 
into two subparts (1) and (2), 
Table 11. Developmental states of follicles and the feeding rate of the females reared 


as adults from the first instar larvae and continuously thereafter in the biotron under the 


conditions given in Table 10. 


No. ot 22% with the lst Feeding rate 

EXP. Month in biotron [Days from] follicles of the indicated Developmental | on chicken 9 days 

Batch| emetg. to mean length se | after emergence 
No at at in Ae ule o 10-| Total ¿the lst ¡the 2nd | No. 22 No. 22 | Rate 
` | hatching emergence e ae d “| SOF" follicles ‘follicles exposed| fed | 6%) 
J-1 Aug, E (2)Aug.M(1) 9-13 3 10 16 8 1 38 Nolla da S 461 240 | 52.1 
J-2 IAug.M CD Aug. LC 9-10 1 3110 6 20 INAI-II Ea 522 174 | 33.3 
J-3 IAug.M (2) Aug. L (2) 9-13 3| 10 12 4 1 30 IN~Ha |Nol 531 286 | 53.9 
J-4 lAug. L (2)Sep.E cy) 12:13 3| 7 10 acTp に ド の て | 321 200 | 62.3 
J-5 Sep.E(1)Sep.M(1)}} 12-15 i} 3) 3 2 1 10 |N~Ib [Nol 213 72 | 33.8 


Remark : As for the subdivision of a month, see footnote in Table 10. 


mid-September ; i. e., before the days when 
the biological day length becomes about 13: 
30 hours. 

2. Follicular development and feeding activity 
of the females reared tc adults in the outdoor 
insectary especially in and after September. 

Similar experiments were carried out under 

the rearing conditions shown in Table 12 in 


the outdoor insectary. The detailed figures 


on the astronomical and biological day length, 
mean air temperature and mean relative hu- 
midity by ten days at Nagasaki in 1965 to 
1969 are presented in Table 12. The larvae 
which hatched in and after early November 
from eggs originated from the laboratory 
colony Could not complete their larval de- 
velopment as shown in Table 13. The larvae. 
could develop to adults in a rather low rate 
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Table 12. Day length, mean air temperature and relative humidity 


by five days at Nagasaki, 1965-1969, 


| [ 
oe | et a Mean air temperature (*C) | Mean relative humidity(% ) 
Part O re 1965 1966 1967 1968 1969 1965 1966 1967 1968 1969 
Jan. E | 10:06 11:16 5.6 7,3 44 7.7 4.5 | 62 68 mm 66 71 
M | 10:14 11:24 SS. Ta ap 09 ES SOE. Y 
L 」 10:28 11:36 SA AF BO 359-921 72 67 B oi gB 
Feb. E | 10:44 11:52 5.5 7.8 7.3 28 59 73 71 72 oi 69 
M | 11:02 12:08 9.0 9.3 AO 3.5 10.7 67 71 63 69 ai 
L 」 11:22 12:27 6.6 9.3 87 48 5.5 | 56 7 71 7% o 
Mar. E | 11:37 12:42 St 142 79 76 zë 】 56 8 68 er e 
M | 11:57 13:01 0.9 12.0 11.8 100 86 | 64 66 77 65 7 
L 12:18 13:23 9,4 10.5 11.5 12.3 11.0 | 64 64 74 70 72 
Apr. E | 12:39 13:44 NAIC da WV 02 | GCS 
M | 12:59 14:05 13.4 13.3 14.5 14.7 15.7 68 70 78 63 73 
L | 13:18 14:26 Hr. BT ML SS 80 CA O E oe Gk: 6 
May E | 13:35 14:45 OI des 7 38.9 74 72 39 733 0 
M | 13:50 15:02 19.6 19.5 19.0 18.5 19.6 68 68 72 74 8B 
L 14:03 15:17 19.6 19,1 22.2 18.9 18,9 | 76 74 75 78 71 
Jun. E 」 14:14 15:30 20,4 20.1 23.0 20.7 19.9 72 76 68 73 73 
M | 14:18 15:34 Se LE TIE A 84 85 70 82 78 
L | 14:20 15:37 22.9 24.6 24.2 21.9 22.8 86 83 81 86 83 
Jul. E 14:15 15:31 24.6 22:8. 2424. 21.9 23.0 00 82 88 88 91 
M 14:07 15:22 27.3 26.8 27.7 26.3 26.0 83 83 85 84 79 
L | 13:56 15:08 28.0 28.6 28.8 26.7 28.0 55 99 “4h 8o q 
Aug. E | 13:40 14:50 27.5 29.7 28.0 26.9 74 。 78 on 79 
M | 13:23 14:31 28.0 29.5 28.8 27.5 718 75 79 "e 
L | 13:05 14:12 CIE TIT BIO | 78 77 78 76 
Sep. E | 12:44 13:50 | 23.5 28.3 29.0 25.8 E a a 6 
M 12:25 13:30 | 21.6 22.9 23,1 24.8 76 69 62 76 
L 12:04 13:08 21.4 20.4 22.8 22.4 | 64 77 62 80 
Oct. E | 11:44 12:48 19.0 20,4 20.3 22.4 | 66 74 61 79 
M 11:25 1230" he 9.2 ES 1870 65 70 63 59 
L | 11:05 iat | adze wi A ies 75 70 68 62 
Nov. E 10:46 11:53 18.3 15.2 16.5 15.5 SS" ee, a A 
M | 10:30 11:38 15.1 14.7 135.1 11.3 73 71 65 67 
し 10:17 11:27 12.3 9.8 13.2 14.6 69 67 71 77 
Dec. E | 10:08 11:18 10.5 7.9 6.9 14.9 70 68 69 B 
M | 10:01 11:13 A 9.7 7.5 10.1 | 74 70 68 74 
L | 10:01 11:13 6.9 5.6 43 9.3 | 68 7 7% ei 


from the end of October to early November 
only when they were reared before mid- 
October CK-6 in Tables 13 and 14). 

In Table 14, the results of examinations 
for the developmental states of follicles and 


the feeding rates of the females which 
emerged in September through early November 
were presented, together with those of the 
females which emerged in May through August 
for comparison. In May the first follicles 
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Table 13. Development of immature stage mosquitoes reared from the first instar 
larvae under natural outdoor conditions (given in Table 12) in the outdoor insectary. 


ER 


| 

| E | em | Soe 
No. | 8 | E emergence from pupae 
K-1 1966 | Aug. 10 88. 8 Aug. 16 87.7 
K-2 1966 | Aug. 25 91.0 Aug. 31 90. 3 
K-10 1967 | Aug, 26 | 72.9 Sep. 1 | 
K-11 | 1967 | Sep. 3 79.1 Sep. 10 
K-3 1966 | Sep. 9 74.9 Srp. 16 91.8 
K-4 1966 Sep. 15 74.1 Sep. 21 89.9 
K-5 | 1966 l Sep. 26 | 80. 6 Oct. 9 84.7 
K-12 1967 Sep. 30 58. 3 Oct. 11 
K-6 1966 Oct. 12 69. 3 Oct. 31 | 37.4 
K.7 | 1966 | Nov. 2 Ail died by Dec. 19 in 4th instar. 
K-8 1966 Now. 28 All died by Dec. 5 in Ist instar. 
K-9 | 1966 | hee. 23 All died by Dec. 27 in Ist instar. 


of the females reared from the larval stage 
under the natural outdoor conditions became 
very large and advanced to N~Ila in stage. 
In June through late August, the follicles 
were mostly midd!le-sized but some were 
larger in size and N~Il!a or even IIb in stage. 
The feeding rates in May tnrough August 
were high, showing that the females which 
emerged in this period were obviously gono- 
trophically active. In early to mid-September 
small follicles (3 to 5 in length) began to 
appear though the feeding rate was still high, 
while in mid-September the rate abruptly 
decreased very much. In and after late 
September the follicles were mostly small and 
No2~N in stage and the feeding rates were 
The above shows that 


females of the mosquito begin to become 


zero or very low. 


gonoinactive about mid-September. The 
factor which induces the females to the gono- 
inactive state is the day length, as already 
stated in the previous paragraph, and now 
‘tae critical time of becoming inactive for the 
females is thought to be in mid-Septenber 
when the biological day length is about 13: 30 


hours. The shortening in day length seems 
to have also a great influence on the mat- 
uration of eggs as shown in the next Table. 

Table 15 shows the states of follicular de- 
velopment of fed females on chickens among 
the females given in Table 14. It is of inter- 
est that there were some females which failed 
after feeding to mature the normal number 
of eggs. Among such females there were 
two types. The first type is the females 
which could mature no egg or only a small 
number of eggs. The remaining first follicles 
were degenerated and the second follicles in 
quiescent phase or slightly advanced stages, 
as seen in K-1 and K-11 in Table 15 and also 
in B. 3.4 in Table 9. The females of this type 
were found even in summer but seemed to 
become larger in number under the conditions 
of the shortening day length in and after 
September. The second type is the female 
in which the first follicles remained in qui- 
escent phase or in a little advanced stages 
of lla (cf. Table 15) or even Illa ccf. Table 
9 and 17), and the second follicles in the very 
young stages of Nol to No2. The females 


65 


1 
i 


“AUO[OD ALOPLIOYL] OU} JO BVAIV] JJSUI 98.11] 
dU} WOI PILDI 910M SIDUYJO DUI YA HEAIEL PIO PYSNeI-P[IM WOT, pIE OOM SP- pI- 'SOyoyeq 9914) SIF OUL ` ABU 


"Aqeyoosur JOOD1nO əy} U (ZI AqLL U 
UALS) SUOTITPUOD FOOD]nO 1BInYBT DY) JƏPUN LAIL] PTO IYSNVI-PLIM JO JLAILJ IVJSUL JSMF OY 


WOT, P391891 SSTBLUL3T 9H] JO 9YP1 8urD9oT PUR SITO] 10 SO1BJS jequowdoyosoq "Pl 3Ed せ TL 


x 

Š 

る | | | | | | E | | 

E : | | | ION |N~ZON bz | | Lë: zk? Fl-01 q AON 9961) 9-M 

2 E 上 j ` 1 E 3 

EE SE OqeL ` ou E ION IN て zoN £ | t li SCH WN “PO ont "1-3 

A ; j : : | : 

a p i | ; i 1 | | 

= = | 010 O ose | [ON IN て zoON To | | | | III rh 3 Wee PO 9961 | SSA 

e um 0 > Cie | | | sb PUPOVI dos | 9961; vA 

Ss = REE soz ] | 8-9 w dou |996L| CN 

oe | | | | (ao = = & dt, 

d. sl aiget | ee | ste re «(CONS ION) GI~N uer 8 ee dÉ W-atdang | z961) TON 

so > | | e | | 

ag | | ZON~ION|IDI~N 2 | Ele a AE aq des | 8061 | os 

o E : | | | | | | 

ZE ST de, eo "et  ZONION| GI~N "8 kënne ee, Ee E A | el-6 q “dos 1961 | OLM 

cM st qe, | gigs | er ss | | or (a 'd9S-T'SnV 9961| "a 
pe | | | | | 

BU SI9MPL (ml ¿SI 65Z | | | | | t Wo "8nv | 9961 L-3 
E, ` | 

は の ZON~ION| PIN A1 トー1 T 1 16 ft | 8-9 Mm uf | 8961| IM 

a | | | | : | 

と E ZON TON QII~N 9 Be si | a unf Tei tl 

Se | 3 IN| FINN 2 z) £z | oi Kon 8961 | err 

—) = en A ee Pi de oe ee idee EE ic = 

9 で Avy aos ‘ss (%) POP. ES Ss91QTTIOJ ` SOTAHLOJ "eat eet | E GEREENT SU do] 10 See ON 

ae Pog OTOR | ee LOO ON oo ON DC SUE. WW  、) DES fee oe | © (voryoasstp aouo go laesa] Pea 

de 8 1S[ JO 9383 SEET | Jo soseys | 18uo{ upaut pəpeorpur əy} JO o} "Bama go pue 

E ou top SV orea upaa ` 」 Tiuoudotoaed |. SOIOHIOJ Il ou UM ós JO ON uON seq o a 

に 

Re 

る 

(の 


164 Senji KAWAI 


Table 15. 
chicken (continued from Table 14). 


Development of the first and second follicles in the females fed on a 


E | 29 with mature eggs | 29 with a few or no mature eggs 
SE Month No of No. 2% (lst follicles)* | Clst follicles) | l l 
Batch Year of emer-| 2% | dis- "No Mean No. | No. Eggs | Stages of (2nd follicles) 
No. gence fed sected | of (range) of | of per remai ling 
Nd eggs/ovary | 22 ovary | follicles 
K.1 1966, Aug.M| 157 | 36 | 34 | 111¢34-169) al de e aa NE 
Aug. し i 
K-2 | 1966 EE で | 436 32 | 31 92(35-138) | 1 0 | Ia へ Ia Nol 
K-10] 1967 Sep. E 76 15 14 | 82°40-150) | 1 0 N Nol, No2 
K-11; 1967 |Sep.E-M] 245 6 5 96°65-117) | 1 21 | degenerated N~Ib 
K-12, 1967 | Oct.M | um 6 0 6239 a oo SE 


* Remaining ones of the Ist follicles were degenerated. The 2nd follicles reached the 
quiescent phase being No2 to I-II or mostly N to Ib stages. 


of this type are those which underwent gono- 
trophic dissociation. The factor which in- 
duces the gonotrophic dissociation is principally 
the shortening of the day length. With the 
advance of the shortening in the day length 
such females seemed to increase in number, 

3. Follicular development of unfed and fed 

females collected as adults in nature, 

Examinations for the follicular development 
of wild caught unfed and fed females were 
carried out in 1966 to 1968 in the Nagasaki 
and Saga areas with the results shown in 
Table 16. Unfed females were collected by 
dry ice traps and in cow- and pig-sheds. Fed 
ones were caught just after feeding in 
The first follicles of wild 
caught unfed females in May through August 


animal - sheds. 


being in gonoactive states are middle-sized, 
ranging from 5 to 10, usually from 6 to 9 
excepting those of the females collected in 
May as will be stated later, while after 
September the follicles become rather larger 
and are mostly N to Tb, rarely extending to 
lla in stage. 

In the parous females the developmental 
states of current and next follicles were 
nearly the same throughout the period of 


the experiment, with some rare exceptions. 

In May,the nulliparous females collected 
in nature might be composed of those late 
in coming out from hibernation and those 
newly emerged as adults in this month. The 
follicles of the former may be large and 
advanced in stage and those of the latter 
may be subjected to a great variation in size 
and stage because the day length is getting 
longer but temperatures are rather low and 
very variable. Therefore, the mosquitoes in 
their immature stages are subiected to a 
great variation in the environmental con- 
ditions under which they bred. This may be 
the reason for a great variation in size and 
stage of follicles in females caught in this 
month. 

Fed females which were collected just after 
feeding in cow- and pig-sheds in nature in 
September through October, were examined 
for the states of follicular development with 
the results shown in Table 17. Among fed 
nulliparous females there were some females 
which could mature eggs in normal number 
even in early October, and some others in 
which the first follicles remained in the qui- 
escent phase and the second follicles in very 


Developmental states of follicles of wild caught unfed females by 


dry ice traps and in cow- and pig-sheds in Nagasaki and Saga, 1966 to 1968. 


Table 16. 


Studies on the Follicular Development and Feeding Activity of the Females of Culex 165 
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young stages as the result of the gonotrophic 


dissociation. The number of females which 


underwent gonotrophic dissociation appeared 


| = < に 3 3 
g 8 < E E < E a e 3 2 to increase with the lapse of time. The 
E Ge E E E E parous females, at least in these experiments, 
Él EA ME o an SS E j were all subjected to gonotrophic dissociation, 
EN S E A = > ? の FE ` although it was uncertain whether this was 
AA AA A = always true or not because of the scanty 
Es 3 | Se et e Se A cn number of cases observed. The above sug- 
ES ge AA gests that when the day length becomes 
aie Sc P shorter in September, some fed nulliparous 
a ロー S females and many fed uniparous ones are 
= 日 SN = subiected to gonotrophic dissociation probably 
ER = の ー ta increasing in number with the lapse of time, 
og a PE NON SR ee and that some others, however, can repeat 
SC S A S i 7 ge i ~ ` their gonotrophic cycles till the end of life 
っ お a probably without entering hibernation. 
ES a 4. Comparison of developmental states of folli- 
TE de 2 B E 2 E E 3 cles of females reared tc adults tn the biotron 
Su = RE 2 or outdoor insectary, and those collected as 
Sel o SE LE' e 6 ; 
ES e E - AJAJAJA A adults in nature, 
E = に 5 = S = s In Table 18 a comparison of the develop- 
A zi E E S as K > E è mental states of follicles of females reared 
TAE ー - to adults from larvae in the biotron o1 out- 
の E Bé, E a ee E door insectary with those of females collected 
SS A B in nature as adults, shows that the states 
ence ie are found to be nearly the same throughout 
5 £ E = the gonozctive season for this mosquito from 
ae S の = March through August, while in and after 
BEE > ú September the situation becomes different. 
ES ー 29 i The follicles in the former group become 
ba: A SS Sie smaller in size and younger in stage, while 
Fla e a in the latter they are as usual or in rather 
| ele - G a S S S S ` advanced states. This may be due to the 
O eh 8 a S a o fact that the nulliparous females which have 
SG 8 small and young follicles are gonoinactive and 
| i ーー ` ーー seems to enter hibernation without taking a 
E は は ES コー きる ら 5 blood meal, while some others which have the 
= 2 2554 0 0 4 usual or slightly more advanced follicles 


retain their gonoactivity till the end of life 


in late autumn. 
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Table 17 Development of the current and the next follicles in fed nulliparous «and 
parous) females caught in nature at cow- and pig-sheds and kept outdoors, 


Date | Days No oh 2% with mature or nearly matured eggs . vz without eggs ーー 
of oe oR | | | States of - ES SEN 
、 collect.) て iNo.. Mean No. Eë Stages ; No. | Stages of Stages 
collec- | dis- | | remaining SCH | SC 
e | to sectea, Of | (range) of | SE of next of | current | of next 
de dissect, (TED FẸ | eggs/ovary | a follicles So | follicles | follicles 
Sep. 7 768 | 6 | 4 | 3 9997-101) degenerated | N 1 | Tb へ ITIa | Nol~No2 
GC ZE | | CD. (Iballla) |¢Nol~No?2 ) 
Sep. 11 ’68 ' 3 | (1) | i | (DÍ (Nalar = CNo1) 
Sep.14 67, 3 | 5 | 5 10090-112 degenerated ` No2~N | 
Sep.17 /67 | on d 2 | Toalla | Nol 
Sep. 18 /67 | Sr 2 12 : 88.59-132) | degenerated | No2 [ 
| | bb ! | 1 」 NIITa | Nol~No?2 
Sep: 28 68 | 4 | 4 1 | 99 | degenerated | NV 311 ! Ii Nol~No2- 
| | | | a et N~Ib | Nol~No2 
| (ici | | | CCD CNTb> , (No!) 
| | | | | | | | 
Oct. 5 "os 10 | l | | . 98 _ degenerated N | 
SN 3 | | | 
Table 18. Comparison of developmental states of follicles of unfed nulliparous females 


collected in nature as adults (Table 16), and those reared as adults from larvae under 
natural conditions in the biotron (Table 11) or in the outdoor insectary (Table 14°. (The 
states of follicles of females reared from larvae in the biotron er outdoors are given in 
parentheses ) 


aes | 
ont o 」 No ot $2 with the Ist follicles of the indicated mean length r Developmental EEN 


e EE rare ` the lst ; the 2nd 
emergence | 3- 4- 5- ó- 7- 8- 9- 10- 1i- 12- 13- 14- 15- Total follicles | follicles 
Mar. | GE SE 3 | Ia~Ib | Nol へ No2 
Apr. | -E 8 25. No2 へ ITa | Nol 
aon i oe E AS A E E 3 1 60 | NATIIa | Nol~No2 
SNE CED es (7) (No2Tla) (Nol) 
ges 2 jh a0 7 2 44 N へ 1-II | Nol へ No2 
e | AF OO LO: ae LEE (53) : (No2~TIb) (Nol~No2 5 
Jol. | 2 14 36 27 10 89 : Naila | Nol~No2 
6 6 28 22 5 67 」 NAT-IL | Nol=No2 
"CS | CIAO (80) (20) Co ST (88) | (Nolla; | (Nol~No2> 
Se 1 14 24 13 8 60 | Nalla | Nol~No2 
beads | C3) EOL O (69) | CNAI-IL) ¡(Nol=No2)- 
Oct. | 1 1 K | 1 5 |  la«lla | Nol 
Nov. 13) (25) 〈3) C1) (42) | (No2~N) | (Nol) 
5. Consideration on the mode of entering hiber- ment and the increase in the number of females 
nation in this mosquito, subjected to gonotrophic dissociation after 
In September the biological day length taking a blood meal. The feeding rate of 
becomes shorter being 13:50, 13:30 and 13: females abruptly decreases very much or 
08 hours in the early, middle, and late parts reaches zero in and after mid-September. 
of the month. The shortening in day length The females with small follicles (3 to- 
induces the reduction of the feeding rate of 5 in length) begin to appear from early 


females, the retardation of follicular develop- September, gradually increasing in number 
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with the lapse of time. Fed females which 
undergo gonotrophic dissociation become 
fairly larger in number at that time than in 
summer. 

In October, most of the females which 
emerged as adults in this month have small 
follicles, scarcely take a blood meal, and if 
they rarely take blood they seem to be 


subjected mostly to gonotrophic dissociation. 

These females, which undergo such in- 
tluences as above by the shortening of day 
length,seems to enter hibernation, although 
there may be some females which can repeat 
the gonotrophic cycle in spite of the shorten- 
ing of day length till the end of autumn 


probably without entering hibernation. 


Summary 


1. The females which were reared from 
the larvae under the combined conditions of 
a 14-hour daily photoperiod Cbiological day 
length) and a constant temperature of 27°C 
modeled after natural conditions in late 
August in the Nagasaki area, are gonoactive 
and feed as readily as in nature in summer. 
The prefeeding period requires about 3 
days, being a little longer than in the case 
of other mosquito species, because of the 
first follicles are very young at the time of 
the emergence as adults. The gonotrophic 
cycles from feeding to oviposition require 
above 3 to 4 days and are nearly equal for 
each time because the first and the second 
quiescent phases are nearly equal, being middle 
(6-9 in length on the micrometer scale) or 
large (10 or more) in size,and N to Ib in 
the stage extending in some cases to lla or 
rarely to Ila. The period from oviposition 
to feeding is about one day. Thus, the calen- 
dar age of this female mosquito is determined 
by an equation : 3+n (4-1) days, where n= 
number of dilatations. 

2. Examinations for the follicular develop- 
‘ment before and after feeding were carried 
out with the females reared from the larval 
stage under the combined conditions of 
various photoperiods and temperatures in the 
indoor insectaries, under conditions modeled 


after natural ones in the biotron, and under 


natural outdoor conditions. Ás a result, 1t was 
revealed that: The females are gonoactive 
and high in the feeding rate during the period 
from late March through mid-September 
when the biological day length is longer than 
13 : 30 hours. Their follicles at the quiescent 
phase are middle-sized or large in size and N 
to Ib or slightly more advanced in stage. In 
early to mid-September the first follicles are 
mostly middle-sized, but some are of small 
size (3 to 5 in length). 
small follicles increase in number rapidly with 


The females with 


the shortening of the biological day length 
below 13:30 hours. 
October most of the follicles become small. 


In and after early 


The feeding rate abruptly decreases in and 
after mid-September when the biological day 
length is getting shorter and shorter below 
13 : 30 hours. 

3. In the course of the period when the 
day length is getting shorter in and after 
September, usually, the feeding rate of the 
females decreases rapidly and their first folli- 
cles become smaller and younger as stated 
above. However, some females which proba- 
bly had middle or rather smaller sized follicles 
take a blood meal, resulting in failure in many 


After the 


feeding of such females, there occur (i) a 


cases in maturing the follicles. 


minority of females in which all. the first 


follicles or maiority of them degenerate with 
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a small number of matured eggs, and all the 


second follicles reach the second quiescent © 


phase; (ii) some females in which the first 
follicles reach the quiescent phase or a little 
more advanced stages but the second ones 
constantly remain in small and young states 
by the occurrence of gonotrophic dissociation. 
The number of these females increases 
with the advance in the shortening in day 
length ; (ii) some parous females which 
underwent gonotrophic dissociation after 
feeding following oviposition. Besides these, 


there are some females which can repeat 


gonotrophic cycles even till the end of Oc-- 
tober probably dying before long. 

4. The females of this mosquito seem to- 
hibernate from about mid-September under : 
the gradual shortening in the day length in. 
the following states: Many females having 
small follicles enter hibernation in the out: 
liparous and unfed states; some females. 
hibernate in the nulliparous state after under- - 
going gonotrophic dissociation after feeding ; 
some parous females do the same in the. 
state of gonotrophic dissociation after feeding. 


following oviposition. 


References 


1) Beck, S. D. : Insect Photoperiodism, Academic 
Press Inc., London, 1968. 

2) Bram, R. A : Contributions to the mosquito 
fauna of Southeast Asia. IL The genus Culex in 
Thailand (Diptera: Culicidae). Contr. Amer. 
Ent. Inst., 2(1) : 225-233, 1967. 

3) Christophers, S. R.: 
the egg follicle in anophelines. Paludism, 2 : 73- 
89, 1911. 

4) Ciements, A. N. : The Physiology of mos- 


The development of 


quitoes. International series of monographs on 
pure and applied biology, vol. 17, Oxford, 1963. 
5) Danilevskii, A. S. : Photoperiodism and sea- 
sonal development of insects. Ist edit., Lenin- 
grad, 1961(In Russian), (Translated by Johnston, 
J., lst English edit., Edinburgh, 1965). 

6) Detinova, T. $. : 


Diptera of medical importance, with special refer- 


Age-grouping methods in 


ence to some vectors of malaria. Wld Hlth Org. 
Monogr. Ser., 47, Geneva, 1962. 

7) Eldridge, B. F. : The influence of daily pho- 
toperiod on blood-feeding activity of Culex tri- 
taeniorhynchus Giles, Amer. J. Hyg. 77 : 49-53, 1963. 
8) Harada, F. et al. : Observations on the 
habits of feeding and oviposition of Culex tritaenio- 
rhynchus Giles. Jap. J. appl. Ent. Zool, 11(3> 
783-89, 1967(In Japanese with English summary). 


9) Harada, F. et al.: Observations on the habits 


of feeding and oviposition of Culex tritaeniorhyichus~ 
summorosus Dyar (ID. Jap. J. Sanit. Zool, 19 
(4):230-234, 1968 (In Japanese with English. 
summary ). 

10) Harwood, R.F. & Halfhill, E. : The effect. 
of photoperiod on fat body and ovarian devel-- 
opment of Culex tarsalis (Diptera: Culicidae). 

Ann. Ent. Soc. Amer., 57(5) : 596-600, 1964. 

11) Ikeuchi, M. : Ecological studies on mosqui-- 
toes collected by light traps. Trop. Med, 9 (4) = 
186-200, 1967. 

12) Oda, T. : Studies on the follicular develop -- 
ment and overwintering of the house mosquito, 

Culex pipicns pollens. Trop. Med., 10 (4) : 195-216, 

1968. 

13) Omori, N. et al.: Preliminary notes on the- 
collection of hibernated females of Culex tritaento- 
rhynchus in Nagasaki. Endem. Dis, Bull. Nagasaki, 

TQ) : 147-153, 1965. 

14) Taketomi, M. : Ovariole and age changes in. 
Anopheles sinensis Wiedemann, with special refer- 

ence to the relation to temperature and season. 

Endem. Dis. Bull. Nagasaki, 8(4) : 170-190, 

1967. 

15) Wada, Y. et al. : Ecology of vector mosquitoes. 
of Japanese encephalitis, especially of Culex 
tritaeniorhynchus. 1. Results obtained in 1965. Trop.. 
Med. 915 : 45-57, 1967. 


Studies on the Follicular Development and Feeding Activity of the Females of Culex 169 
tritaeniorhynchus with Special Reference to Those in Autumn 


コガ タ ア カイ エ カ の 濾胞 の 発育 と 吸血 活動 に 
関す る 研究 , 特に 秋季 お ける 状態 に つい て 


河 E A = 


長崎 大 学 医学 部 医 動物 学 教室 (主任 : AR Bead) 


摘 要 


日 本 脳炎 の 主 伝 朝 首 で ある コガ タ ア カイ エ カ の , 野外 に お ける 生態 の 研究 結果 か ら , KON ROLAN 
性 は , 日 長 に よ っ て 大 きく 左右 され る で あろ うと と が 喧 示 され た . 一 方 , 生殖 活性 は 測 胞 の 発育 状態 に よく 反 
映 さ れる と と が , 予備 実験 に よっ て 明らか と な っ た . SOC, 1965 196810, 日 長 と 温度 を 組合 せ た 各種 実 
験 条件 下 及 び 自 然 環境 下 で 飼育 し た 雌 の , 吸血 活動 と 濾胞 の 発育 状態 を 調査 し た . その 結果 は 次 の よう に 要約 
され る . 

L 生物 学 的 日 長 (以下 , 日 長 と 略称 する ) 14 時 間 , 温度 27?C (長崎 で の 8 月末 の 条件 ) Cha Limes 
生殖 活 性 で , 野外 の 真 の 雌 と 同じ よう (に よく 吸血 する . 羽化 か ら 骸 血 ま で の 期間 は 約 3 日 で ある . 第 1 生殖 環 , 
即ち 初回 の 吸血 か ら 産 卵 ま で は 約 4 日, PENA «NE T1 ASL, と の 期間 は , 第 2 回 以後 の 生 郊 環 に 
お いて も ほぼ ほ ゞ 同じ で ある . と れ は , 第 1 静止 期 と 第 2 以後 の 静止 期 の , 濾 肥 の 状態 が ほ ゞ 等 し く , ARTO ME 
で は , 大 きき さ は 中 宝 で 6 て 9 ミク ロメ ー タ ー ス ケール (1 スケ ー ル =10.5 み ), 発育 期 は NCID で ある と と に 
よる . 以上 の と と か ら , MO 歴 年 令 は 次 式 に よっ て 求め られ る . 34NC4+1)0, KEL, NAAM ERT de 
る 

2. 4 月 上 旬 か ら 9 月 上 旬 ま で の よう に た , 日 長 が 13 時 間 30 分 より も 長い と , 杏 は 生殖 活性 で 表 血 率 は 高い . 第 
1 静止 期 の 濾胞 は 大 多数 が 中 の 大 き さ で NRN へ IDb 期 で あり , 大 型 で 発育 期 が より 進ん だ も の も 少数 ある . LBL, 
9 月 上 ・ 中 旬 頃 から 大 き さ 3 て 5 の 小型 濾胞 が 現れ 始め , 日 長 が 15 時 間 30 分 以下 に な る と 人 急増 し て , WHER 
以後 は それ が 大 多数 を 占め , 発育 期 も 多く は No2 CN( こ と ゞ ざま る. 吸血 率 も 9 亡 中 包 以 後 は 含 に 低下 する . 

3. 日 長 の 短縮 が 甚 し く な る 9 月 お よび それ 以降 に は , 中 型 ま た は こと これ に 近い 小型 の 濾胞 を も っ た 雌 応 , 吸 
血 は する が 潤 胞 が 正常 に 成熟 し な いと いう 現象 が だ し ば し ば お とる. そし て その 場合 の 濾 肥 は , 次 の いづ れ か の 
状態 を 示す . a) すべ て の 第 1 濾胞 が 退化 を する か , 大 多数 の 第 1 濾胞 が 退化 し て 少数 の 成 吾 卵 が 形成 され る . 
いづ れ の 場合 に も 第 2 濾胞 は 静止 期 に 達する . b) 栄養 生 殆 分離 を お こし て , 第 1 濾胞 は 静止 期 の ま ゝ か きか 
に 進ん だ 状態 に な る が , 第 2 濾胞 は 小さ く て 未熟 の 状態 に と ゞ まる . COKLADCMORMIL, 短 日 化 が 進む に 従 
っ て 増加 する . c) 吸血 後 の 栄枯 生殖 分 離 が , 族 卵 を 経験 し た 経 産 雌 の 濾胞 に も お と る . 以上 の 他 に , 9・10 
月 の 短 日 下 で も 生殖 活性 状態 が 持続 きれ て 産卵 と 吸血 を 繰 返 す , RX MOMO DIA, その と と は と の 時 
期 に も 多 経 産 雌 が 発見 され る と と か ら 明 ら か で , これ ら の 雌 は お そら く 越 冬 に 入る 前 に 死滅 する も の と 思わ れ 
る . 

4. 日 長 が 約 14 時 間 309 分 か ら は げ し く 短 落し て いく 9 月 中 旬 頃 , 雌 は 越冬 に 入り 始め る も の と 思わ れる . 越 
冬 に 入る も の と し て は , 小型 濾胞 を も or KRM ARE SOCKS RE HM SS, DAA IES E 
と し た 未 経 産 雌 , BLOEIN + RIA IRA PRL CUINA. 


